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(54) Optical fiber device and optical transmission apparatus 

(57) An optical device, has 



at least two first optical components; 
a second optical component placed between the 
first optical components, or at an intersection point 
of optical axes to be formed by the first optical com- 
ponents; and 

a placement member for placing the first optical 
component and the second optical component, 



wherein the placement member has at least a 
groove portion for placing the first optical compo- 
nent and 

each portion of the first optical component and each 
portion of the groove portion have such a shape and 
size that optical axes to be formed by the first optical 
components are positioned within the same plane 
respectively in a state in which the first optical com- 
ponents are all placed on the groove portion. 



Fig. I 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an optical de- 
vice for use in an optical communication system, a meth- 
od of manufacturing the optical device, an optical com- 
munication component and an optical transmission ap- 
paratus. 



bers, but misregistration may occur at the time of this 
fixing. Therefore, the yield is reduced. 
[0007] Also, since the optical communication compo- 
nent manufactured as described above has been in- 
5 creased in cost, an optical communication transmission 
apparatus and system using the same would be in- 
creased in cost, and as a result, low-priced communi- 
cation service has been difficult to be realized. 
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SUMMARY OF THE INVENTION 



Related Art of the Invention 

[0002] In recent years, the optical fiber communica- 
tion system has remarkably been developed, and has 
been applied and put into practical use in public com- 
munication, CATV, a computer network and the like. In 
the optical fiber communication system, there are used 
optical communication components for partially sepa- 
rating signals transmitted through optical fiber or atten- 
uating signal strength. 

[0003] There is, for example, an optical multiplexer/ 
demultiplexer in the wavelength multi-optical transmis- 
sion system for transmitting a multi-channel signal 
through one optical fiber cable. The optical multiplexer 
wavelength multiplexes signals of each channel from an 
optical transmitter through the use of optical signals hav- 
ing different wavelength to transmit to an optical receiver 
through one optical fiber cable. The optical receiver di- 
vides the optical signal having desired wavelength by 
an optical demultiplexer having a wavelength selecting 
function for demodulation. Further, there is an optical 
add/drop component for tapping only optical signals 
having specific wavelength, and on the other hand, al- 
lowing other optical signals to pass as they are. 
[0004] Figures 7 and 8 are an external view and a 
structural cross-sectional view respectively showing 
one of conventional examples for the optical multiplexer, 
which is an optical communication component. A wave- 
length multi-signal from an input fiber 71 is collimated 
by a lens 83 and is incident on an optical filter 86 for 
separating signals. Light within a specific wavelength 
range is reflected or is allowed to pass therethrough by 
this optical filter 86, and those light is combined through 
lens 93 and 88 and is taken out at an output fiber 73 and 
an optical fiber 76. The optical fiber and the lens are 
fixed to a holder, and the optical filter and the optical axis 
are adjusted and are fixed by adhesion or welding. 
[0005] In the structure of such a conventional optical 
communication component as described above, howev- 
er, In order to minimize the combination loss, It Is nec- 
essary to perform optical axis adjustment for the input 
fiber and output fiber through each lens with accuracy 
at micron level. For this reason, it takes time to adjust 
the assembly. 

[0006] Also, after the optical axis adjustment, it is nec- 
essary to fix the holders 74 by adhesion through mem- 



[0008] It is an object of the present invention to solve 
the above-described problems and to provide an optical 
device, optical communication components and optical 
15 communication transmission apparatus system easier 
to assemble, having simpler structure at lower manufac- 
turing cost than the conventional example. 
[0009] The 1 st invention of the present invention is an 
optical device, comprising: 

20 

at least two first optical components; 
a second optical component placed between said 
first optical components, or at an intersection point 
of optical axes to be formed by said first optical com- 

25 ponents; and 

a placement member for placing said first optical 
component and said second optical component, 
wherein said placement member has at least a 
groove portion for placing said first optical compo- 

30 nent, and 

each portion of said first optical component and 
each portion of said groove portion have such a 
shape and size that optical axes to be formed by 
said first optical components are positioned within 

35 the same plane respectively in a state in which said 
first optical components are all placed on said 
groove portion. 

[0010] The 2nd invention of the present invention is 
40 the optical device according to 1st invention, wherein 
optical axes of said first optical components are formed 
to become parallel said groove portion on which said 
first optical component is placed. 
[0011] The 3rd invention of the present invention the 
45 optical device according to 1st invention, wherein said 
first optical components and an inner wall of said groove 
portion are at least in point-contact at least at two points 
at cross-sectional view direction of said groove portion. 
[0012] The 4th invention of the present invention is 
50 the optical device according to 1st invention, 

wherein a convex portion or a concave poi lion hav- 
ing a predetermined shape is formed at a position 
on said placement member whereat said second 
55 optical component is placed, and 

on a base of said second optical component, there 
is formed a concave portion or a convex portion 
having a shape, which corresponds to said convex 
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portion or concave portion having said predeter- 
mined shape of said placement member. 

[0013] The 5th invention of the present invention is 
the optical device according to 4th invention, wherein 
said predetermined shape is any of shapes of a polygon 
pyramid, a cone, a polygon pillar, and a column or sub- 
stantially hemispherical shape. 

[0014] The 6th invention of the present invention is 
the optical device according to 4th invention, wherein 
said convex portion or concave portion having said pre- 
determined shape is formed when each of said grooved 
portions is extended, and is intersected each other at a 
position whereat said second optical component is 
placed. 

[0015] The 7th invention of the present invention is 
the optical device according to any one of 1st to 4th in- 
ventions, further comprising a clamping member for fix- 
ing said first optical components and said second optical 
component in cooperation with said placement member, 

wherein said first optical components and said sec- 
ond optical component are fixed in such a manner 
as to be sandwiched between said clamping mem- 
ber and said placement member, and 
said first optical component is fixed in a state where 
it can be freely inserted and removed. 

[0016] The 8th invention of the present invention is 
the optical device according to any one of 1st to 4th in- 
ventions, further comprising a clamping member for fix- 
ing said first optical components and said second optical 
component in cooperation with said placement member, 

wherein said first optical components and said sec- 
ond optical component are fixed in such a manner 
as to be sandwiched between said clamping mem- 
ber and said placement member, 
an upper portion of said first optical components are 
exposed on a principal surface of said placement 
member other than said groove portion in a state 
where said first optical components are placed on 
said groove portion, and 

said clamping member is fixed by contact with said 
exposed upper portion of said first optical compo- 
nents. 

[0017] The 9th invention of the present invention is 
the optical device according to any one of 1st to 4th in- 
ventions, wherein said first optical components or said 
second optical component include at least a lens and/ 
or an optical fiber. 

[0018] The 10th invention of the present invention is 
the optical device according to any one of 1st to 4th in- 
ventions, wherein said first optical components or said 
second optical component include at least a ferrule pro- 
vided at an end portion of said optical fiber. 
[0019] The 11th invention of the present invention is 



the optical device according to 9th inventions , wherein 
within said groove portion, an end surface of said lens 
and an end surface of said optical fiber are in point-con- 
tact or plane-contact. 
5 [0020] The 1 2th invention of the present invention is 
the optical device according to 9th invention, wherein a 
focus of said lens is positioned on an end surface of said 
optical fiber. 

[0021] The 13th invention of the present invention is 
10 the optical device according to 12th invention, wherein 

said lens is a bi-convex or single convex cylindrical lens. 

[0022] The 14th invention of the present invention is 

the optical device according to 12th invention, wherein 

said lens is a graded-index lens. 
is [0023] The 1 5th invention of the present invention is 

the optical device according to 12th invention, wherein 

said lens is a spherical lens having a refractive index of 

2 or closest thereto. 

[0024] The 16th invention of the present invention is 

20 an optical communication component using the optical 
device according to any one of 1st to 15th inventions, 
wherein said second optical component includes at 
least an optical functional device. 
[0025] The 17th invention of the present invention is 

25 the optical communication component according to 1 6th 
invention, wherein said optical functional device has 
wavelength separating and/or combining functions. 
[0026] The 18th invention of the present invention is 
the optical communication component according to 1 6th 

30 invention , wherein said optical functional device has po- 
larization separating and/or synthesizing functions. 
[0027] The 1 9th invention of the present invention is 
the optical communication component according to 1 6th 
invention, wherein said optical functional device has an 

35 optical attenuation function. 

[0028] The 20th invention of the present invention is 
the optical communication component according to 1 6th 
invention, wherein said optical functional device has an 
optical isolator. 

40 [0029] The 21st invention of the present invention is 
the optical communication component according to 16th 
invention, wherein said optical functional device has an 
optical circulator. 

[0030] The 22nd invention of the present invention is 
45 the optical communication component according to 1 6th 
invention, wherein said optical functional device has an 
optical terminating function. 

[0031] The 23rd invention of the present invention is 
the optical communication component according to 1 6th 
50 invention, wherein said optical functional device has an 
optical modulating function. 

[0032] The 24th invention of the present invention is 
the optical communication component according to 1 6th 
invention, wherein said optical functional device has op- 
55 tical branching and/or synthesizing functions. 

[0033] The 25th invention of the present invention is 
the optical communication component according to 1 6th 
invention, wherein said optical functional device has an 
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optical switching function. 

[0034] The 26th invention of the present invention is 
the optical communication component according to 14th 
invention, wherein said optical functional device has a 
light amplifying function. 5 
[0035] The 27th invention of the present invention is 
the optical communication component according to 1 6th 
invention, wherein said optical functional device has a 
wavelength converting function. 

[0036] The 28th invention of the present invention is *o 
the optical communication component according to 1 6th 
invention, wherein said optical functional device has a 
light emitting function. 

[0037] The 29th invention of the present invention is 
the optical communication component according to 1 6th * 5 
invention, wherein said optical functional device has a 
light receiving function. 

[0038] The 30th invention of the present invention is 
the optical communication component according to 1 6th 
invention, wherein said optical functional device has a 20 
polarization converting function. 
[0039] The 31st invention of the present invention is 
an optical transmission apparatus, comprising: 
[0040] The optical communication component ac- 
cording to any of 16th to 30th inventions; 25 

optical transmission means; and 
optical receiving means, 

wherein said optical transmission means and said 
optical receiving means are connected to each oth- 30 
er through said optical communication component. 

[0041] The 32nd invention of the present invention is 
a manufacturing method of an optical device having at 
least two first optical components; and a second optical 35 
component placed between said first optical compo- 
nents, or at an intersection point of optical axes to be 
formed by said first optical components, comprising the 
steps of: 

forming a groove portion on a placement member 
body; 

forming a placement portion on said placement 
member body; 

placing and fixing said first optical components on 45 
said groove portion; 

placing said second optical component on said 
placement portion; 

adjusting said second optical component to set an 
optical path for said second optical component and so 
said first optical components; and 
fixing said second optical component adjusted. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] 

[Figure 1] 



55 



Figure 1 is a perspective view showing a con- 
figuration of an optical communication component 
according to a first embodiment of the present in- 
vention. 
[Figure 2] 

Figure 2 is a block diagram showing a structure 
of the optical communication component in Figure 
1. 

[Figure 3] 

Figure 3 is a cross-sectional view showing the 
optical communication component of Figure 1. 
[Figure 4] 

Figure 4 is a block diagram showing a configu- 
ration of an optical communication component ac- 
cording to a second embodiment of the present in- 
vention. 
[Figure 5] 

Figure 5 is a view showing a collimator compo- 
nent of the optical communication component of 
Figure 2. 
[Figure 6] 

Figure 6 is an external view showing the optical 
communication component of Figure 1 in the em- 
bodiment. 
[Figure 7] 

Figure 7 is an external view showing an optical 
communication component according to the prior 
art. 

[Figure 8] 

Figure 8 is a cross-sectional structural view 
showing the optical communication component ac- 
cording to the prior art in Figure 7. 
[Figure 9] 

Figure 9 is perspective view showing an optical 
communication component according to a third em- 
bodiment of the present invention. 
[Figure 10] 

Figure 1 0 is a block diagram showing an optical 
transmission apparatus according to the present in- 
vention. 
[Figure 11] 

Figure 11 is a perspective view showing a 
placement portion of an optical functional device of 
the optical communication component according to 
the present invention. 
[Figure 12] 

Figure 12 is a perspective view showing a fit-in 
structure portion of the optical functional device of 
the optical communication component according to 
the present invention. 
[Figure 13] 

Figure 13 is a view showing a manufacturing 
process for an optical communication component 
according to the present invention. 
[Figure 14] 

Figure 14 is a block diagram showing an optical 
communication component according to the em- 
bodiment of the present invention. 
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[Figure 15] 

Figure 1 5 is a view showing a groove of the op- 
tical communication component according to an- 
other embodiment of the present invention. 

Description of Symbols 

[0043] 



1 Input fiber 

2,9,12 Ferrule 

3,8,11 Lens 

4 V-grooved substrate 

6 Optical functional device 

7 V-groove 
10, 13 Output fiber 
41,43,41 Balllens 

51 , 53 Clamping substrate 

105 Optical multiplexer 

106 Optical demultiplexer 

119 Optical transmission apparatus 



PREFERRED EMBODIMENTS OF THE INVENTION 

[0044] Hereinafter, with reference to the drawings, the 
description will be made of embodiments according to 
the present invention. 

(First Embodiment) 

[0045] Figure 1 is a perspective view showing a con- 
figuration of an optical communication component ac- 
cording to a first embodiment of the present invention. 
In Figure 1 , reference numeral 1 denotes an input fiber; 
2, 9 and 12, ferrules; 3, 8 and 11 , lenses; 4, a V-groove 
substrate; 6, an optical functional device; 7, a V-groove; 
and 10and 13, output fiber. As an example of the optical 
communication component, an optical multiplexer 106 
has been cited. 

[0046] An operation of an optical communication 
component according to the first embodiment of the 
present invention having such a configuration as de- 
scribed above is as follows: A signal light is incident from 
the input fiber 1 . The tip end of the input fiber 1 is fixed 
to the ferrule 2, and incident light emitted from the tip 
end of the input fiber 1 is incident on the optical func- 
tional device 6 through the lens 3. In the following de- 
scription, the optical functional device 6 will be de- 
scribed by designating the identical reference numeral 
as the optical filter. 

[0047] The lens 3 has a biconvex or single convex 
shape at its end surface, and is in contact with the ferrule 
end. The optical filter 6 has, for example, a wavelength 
separating function, and one reflected by signal light 
having specific wavelength is combined with the output 
fiber 13 fixed onto the ferrule 12 through the lens 11. 
Still, the optical filter 6 also operates as a filter having a 
wavelength combing function when it is input a light with 



opposite direction. 

[0048] The light which has further passed through the 
optical filter 6 as it is is combined with the output fiber 
10 fixed to the ferrule 9 through the lens 8 to separate 

5 desired light. 

[0049] The lenses 3, 8 and 11 to be used here have 
a convex shape at both ends thereof as shown in Figure 
2, and are in a physically contacted state with the end 
surface of each ferrule 2,9,12. The end surface of each 

10 ferrule has been spherical surface abraded so as to 
come into a physical contact. 

[0050] For the lens 3, 8, 11 , if its refractive index is a 
refractive index of the core portion of the optical fiber 1 , 
10, 13, for example, a quartz-series optical fiber, glass 
*5 material having a refractive index of about 1 .45 will be 
used. If performed as described, Fresnel reflection at 
the contact surface with the ferrule will be reduced, mak- 
ing it possible to increase the reflection loss with less 
loss. 

20 [0051] Focuses of the lens 3, 8 and 1 1 are set to the 
lens end surface, whereby it is not necessary to perform 
focal position adjustment for the fiber or the ferrule and 
the lens, but the optical adjustment can be performed 
only by placing the ferrule opposite the lens. 
25 [0052] Further, these optical components such as 
lens 3, 8 and 11 and ferrules 2, 9 and 12 are all placed 
on the substrate 4 having the V-groove 7. Each ferrule 
is caused to coincide with the outside diameter of the 
lens, whereby it becomes possible to cause the optical 
30 axes to coincide with each other by placing the lens and 
the ferrule in the V-groove 7, and to cause the optical 
axis of the input fiber 1 to coincide with the optical axes 
of the output fiber 10 and 13 without any adjustment. 
For this reason, even if any optical registration of the 
35 individual fibers is not performed, assembly adjustment 
of the optical communication components can be per- 
formed only depending upon mechanical precision in 
sizes and dimensions of the V-grooved substrate 4, the 
ferrules 2, 9 and 12, and the lenses 3, 8 and 11. 
40 [0053] Next, as regards placement of the optical func- 
tional device 6, there is provided a placement portion for 
placing the optical functional device 6 in a predeter- 
mined place on the one V-groove 7 of the V-grooved 
substrate 4, or at a position whereat a plurality of V- 
45 grooves 7 intersect each other . The placement portion 
can be realized as a fill-in structure in which the optical 
functional device 6 is fixed by fitting-in, and is construct- 
ed such that it is formed as a pyramid concave-shaped 
hole 201 to be formed by intersection of V-grooves 7, 
so indicated by dotted line in, for example, Figure 11 (a), 
or as a circular hole 202 provided at an intersected po- 
sition as shown in Figure 11 (b) in such a manner that 
the base of the optical functional device 6 can be fitted 
in. On the other hand, a fit-in structure portion 300 at the 
55 base of the optical functional device 6 will be formed as 
such a quadrangular pyramid convex shape 301 as to 
be embedded in correspondingly to the pyramid con- 
cave-shaped hnla 201 as shown in Figure 1?(a), nras 
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such a cylindrical hole 302 or a hemispherical hole 303 
as to be embedded in correspondingly to the hole 202 
as shown in Figures 12(b) and 12(c). 
[0054] Thereby, setting of optical axes of optical fiber 
such as the input fiber 1 and the output fiber 10.13 and 
the optical functional device 6 can be also performed 
depending upon only mechanical precision in sizes and 
dimensions of the V-grooved substrate 4. the ferrules 2 
9 and 12. and the lenses 3. 8 and 11 without the need 
for optical registration. 

[0055] Such an optical device according to the 
present embodiment is manufactured as below. Figure 
13 is an explanatory view for illustrating a method of 
manufacturing an optical device according to the 
present embodiment. First, a placement member body 

400 shown in Figure 1 3(a) will be formed with V-grooves 
(Figure 13(b)). 

[0056] Next, a ferrule 403, to which a lens 401 and an 
optical fiber 402 have connected, will be placed on the 
V-groove (Figure 13 (c)). 

[0057] Finally, an optical functional device 404 will be 
placed on the intersected portion of the V-groove 400, 
and be fixed after optical axis alignment with the lens 

401 is performed. 

[0058] In this respect, in the above descnption. the de- 
scription has been made of the configuration of the 
placement portion as the pyramid concave shaped hole 
201 or the circular hole 202, but the shape of the hole 
does not have to be limited to the circular shape, but the 
shape of the base of the optical functional device 6 may 
be a polygon, which has more sides than the triangle, 
or a predetermined shape as long as it can be fitted in 
correspondingly to the shape of the hole 202. Also, the 
shape of the fit-in structure portion 300 is not restncted 
to the cylindrical shape or a polygon pillar shape, but 
may be polygon pyramid-shaped, conical or hemispher- 
ical as long as its cross-section corresponds to the 
shape of the placement portion. Also, it is not necessary 
to fabricate it as a complete hemisphere, but a shape 
obtained by cutting a predetermined portion off a sphere 
may be used. In this respect, the circle of the pillar and 
cone in the present invention may be a non-complete 
circle, and the cross-section may include an elliptical 
shape. 

[0059] Also, in the present embodiment, for the lens, 
a graded-index lens may be used. The graded-index 
lens is provided with a lens effect by causing the refrac- 
tive index of the lens to have predetermined refractive 
index distribution in the axial direction of the lens or in 
a direction perpendicular thereto. 
[0060] Similarly, a rod lens formed with a reflection 
lens on the end surface thereof may be used. 
[0061] If a curvature radius of the contact surface be- 
tween the lens and the fiber according to the present 
invention is caused to coincide with an abrasive curva- 
ture radius of the ferrule within a range of 20 to 60 mm, 
an excellent contact will bo obtained. 
[0062] Figures 3 (a) and 3 (b) show a cross-section of 



a V-grooved substrate 4 and a lens 2 placed thereon. 
Figure 3(a) shows an embodiment in which a shallow V- 
groove 34 is used, and Figure 3(b) shows a case where 
a deep V-groove 35 is used. 
5 [0063] Figures 6(a) and 6(b) show embodiments cor- 
responding to Figures 3 (a) and 3 (b) respectively. In this 
case, optical component clamping substrates 51 and 53 
are used, whereby it is not necessary to fix the ferrule 
of the optical fiber onto the substrate, but the former can 
10 be removed. 

[0064] Since the optical fiber can be simply removed 
with the configuration, there is an advantage that excel- 
lent workability is provided when installing it to the ap- 
paratus. Also, the optical communication component 
15 can be directly reflow-fixed to an apparatus substrate^ 
The clamping substrate 51 shows an example in which 
a V-grooved substrate is used, and the clamping sub- 
strate 53 shows an example in which a flat plate is used. 
In this respect, the clamping substrate 53 shows an ex- 
20 ample of clamping members according to the present 
invention, and its shape does not have to be restncted 
to examples shown in Figures 3(a) and 3(b), but any 
shape may be used as long as it is such a shape that 
the optical fiber can be fixed to allow it to be inserted 
25 and removed in cooperation with the V-grooved sub- 
strate 4. 

[0065] Next, Figure 14 shows examples of other con- 
figurations using the V-grooved substrate and the 
clamping substrate. In an embodiment shown in Figure 
30 14(a) through the use of a V-grooved substrate 500 
having a V-groove having intermediate depth between 
the shallow V-groove of the V-grooved substrate 34 
shown in Figure 3(a) and the deep V-groove of the V- 
grooved substrate 35 shown in Figure 3 (b), the upper 
35 portion of the lens 2 placed slightly protrudes from the 
principal surface of the upper portion of the substrate. 
[0066] In an embodiment shown in Figure 14(b), a 
clamping substrate 502, which is an example of the 
clamping member according to the present invention, is 
40 placed on the V-grooved substrate 500 in this state, and 
a lens 2 is fixed by means of the weight of the clamping 
substrate 502 in such a manner that the upper surface 
of the lens 2 contacts the clamping substrate 502. 
[0067] Further, the entire surface of a joining area be- 
45 tween the clamping substrate 502 and the principal sur- 
face of the upper portion of the V-grooved substrate 500 
will be coated with adhesive 501 for temporary tacking, 
and finally the whole will be sealed. Thereby, an optical 
communication component with the V-grooved sub- 
50 strate. the clamping substrate and the lens integrally 
formed can be obtained. In this respect, in the above 
description, the description has been made of a case 
where the temporary tacking is performed through the 
use of the adhesive 501. but it may be performed by 
55 soldering. 
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(Second Embodiment) 

[0068] Figure 4 is a top view showing a configuration 
of an optical communication component according to a 
second embodiment of the present invention. In Figure 
4, the identical reference numerals to Figure 1 denote 
the identical portions or corresponding portions. Refer- 
ence numeral 41 , 43, 48 denotes a ball lens which is an 
example of a spherical lens of the present invention. 
[0069] An optical communication component accord- 
ing to a second embodiment of the present invention, 
having such configuration as described above conforms 
to the first embodiment in basic configuration and oper- 
ation, but is different in that a ball lens is used for the 
lens. 

[0070] Figure 5 is an enlarged view for an input fiber 
1. If a ball lens 43 has a refractive index of 2, the end 
surfaces of the optical fiber 1 and the fiber 2 are only 
caused to contact the end surface of the ball lens 43, 
whereby light from the optical fiber 1 will become parallel 
light. Therefore, through the use of the ball lens, it is not 
necessary to adjust the lens focus, but light to be input- 
ted into and outputted from the optical functional device 
6 can be bbtainedas parallel light irrespective of the size 
of the ball lens. 

[0071] Accordingly, since more allowance for the di- 
ameter of the bail lens is given, there is an effect that 
the lens price will be decreased. 
[0072] In this respect, the refractive index does not 
require to be strictly 2, but those showing a value close 
thereto, for example, as glass material, products with 
models LaSFn9, LaSFn18 t LaSFn35, TaFD43, LaH71, 
and LaH79 manufactured by Schott Glasswerke., in 
Germany, and the like can be used. 

(Third Embodiment) 

[0073] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6, but in the similar configuration to the first or second 
embodiment, if an optical functional device 6 having po- 
larization separation and/or synthesis functions, for ex- 
ample, a polarization beam splitter is used, a polariza- 
tion separating component will be able to be obtained 
in a simple configuration. 

(Fourth Embodiment) 

[0074] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6, but, if an optical functional device 6 having an optical 
attenuation function is used in the similar configuration 
to the first or second embodiment, an optical attenuator 
will be able to be obtained in a simple configuration. Fig- 
ure 9 is a perspective view showing an optical commu- 
nication component when an optical attenuator is con- 



figured. In this case, apair of input/output fibers will suf- 
fice. 

(Fifth Embodiment) 

5 

[0075] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6, but, if a device having a magnet, a photo-el ectro-mag- 

io netic effect element such as, for example, YIG and an 
optical directional function such as a polarizer or a rutile 
crystal is used as the optical functional device 6 in the 
similar configuration to the first or second embodiment, 
an optical isolator or an optical circulator depending up- 

15 on the configuration will be able to be obtained in a sim- 
ple configuration. 

[0076] In this respect, the optical isolator has the con- 
figuration of Figure 9, and the optical circulator has the 
similar configuration to Figure 1 . 

20 

(Sixth Embodiment) 

[0077] In the first embodiment of the present inven- 
tion, there has been described an example in which an 

25 optical filter is used as the optical functional component 
6, but, if a device having light absorption or light scat- 
tering function is used as the optical functional device 6 
in the similar configuration to the first or second embod- 
iment, an optical terminating apparatus component will 

30 be able to be obtained in a simple configuration. How- 
ever, the optical terminating apparatus is an apparatus 
which causes reflected light from an optical fiber end 
which is not used not to be generated. 

35 (Seventh Embodiment) 

[0078] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 

40 6, but, if a device having a light modulation function, for 
example, a lithium-naiovate crystal which is an electro- 
optics device, a light absorption type semiconductor de- 
vice and the like are used as the optical functional device 
6 in the similar configuration to the first or second em- 

45 bodiment, an optical attenuator will be able to be ob- 
tained in a simple configuration. 

[0079] Figure 9 is a block diagram showing an optical 
attenuator according to a seventh embodiment of the 
present invention, and a pair of the input/output fibers 
so will suffice as shown in Figure 9. A modulation signal is 
given from the outside, whereby signal light from the in- 
put fiber is modulated to thereby take out from the output 
fiber. 

55 (Eighth Embodiment) 

[0080] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
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optical filter is used as the optical functional component 
6, but, if a device having an optical synthesize and/or 
branch function is used as the optical functional device 
6 in the similar configuration to the first or second em- 
bodiment, an optical multiplexer/demultiplexer will be 
able to be obtained in a simple configuration. In this 
case, the input/output fibers of a number corresponding 
to the number of the multiplexing or branches can be 
provided. 

(Ninth Embodiment) 

[0081] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6. but. if a device having a light switching function is used 
as the optical functional device 6 in the similar configu- 
ration to the first or second embodiment, an optical 
switching apparatus will be able to be obtained in a sim- 
ple configuration. 

(Tenth Embodiment) 

[0082] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6, but, if a device having a light amplifying function, for 
example, a semiconductor device and light exciting type 
rare earth elements added glass or fiber and the like are 
used as the optical functional device 6 in the similar con- 
figuration to the first or second embodiment, a light am- 
plifier will be able to be obtained in a simple configura- 
tion. 

(Eleventh Embodiment) 

[0083] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6, but. if a device having a wavelength converting func- 
tion, for example, a semiconductor device and the like 
are used as the optical functional device 6 in the similar 
configuration to the first or second embodiment, a wave- 
length converter will be able to be obtained in a simple 
configuration. In this respect, as an example of the sem- 
iconductor device, a semiconductor laser, a semicon- 
ductor light amplifier device and the like can be used. 



(Twelfth Embodiment) 

[0084] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6, but, if a device having a light emitting function, for 
example, a semiconductor laser device, LED and the 
like are used as the optical functional device 6 in the 
similar configuration to the first or second embodiment, 
an optical communication component for optical trans- 



mitters will be able to be obtained in a simple configu- 
ration. 

(Thirteenth Embodiment) 

5 

[0085] In the first embodiment of the present inven- 
tion, there has been described an example in which an 
optical filter is used as the optical functional component 
6. but, if a device having a light receiving function, for 
10 example, a photodiode and the like are used as the op- 
tical functional device 6 in the similar configuration to 
the first or second embodiment, an optical communica- 
tion component for optical receivers will be able to be 
obtained in a simple configuration. 

15 

(Fourteenth Embodiment) 

[0086] In the first embodiment of the present inven- 
tion, there has been described an example in which an 

20 optical filter is used as the optical functional component 
6, but. if a device having a polarization converting func- 
tion, for example, an analyzer, a polarimeter or the like 
is used as the optical functional device 6 in the similar 
configuration to the first or second embodiment, a po- 

25 larization control optical communication component will 
be able to be obtained in a simple configuration. 

(Fifteenth Embodiment) 

30 [0087] Figure 1 0 shows an optical transmission appa- 
ratus according to a fifteenth embodiment of the present 
invention. As shown in Figure 10, in the transmission 
apparatus according to the present embodiment, two 
transmission signals 1 1 5 and 1 1 6 are converted into op- 

35 tical signals by transmission light sources 111 and 112 
having different wave length, and thereafter, these op- 
tical signals are merged into one by an optical multiplex- 
er 105 to be transmitted to the reception side by a trans- 
mission fiber 107. 

40 [0088] The wavelength multi-signal light transmitted 
by the transmission fiber 107 is signal-separated by the 
optical demultiplexer 106. and each signal is converted 
to the original electric signals 117 and 118 by receivers 
11 3 and 114. 

45 [0089] In this case, the optical multiplexer 1 05 and the 
optical demultiplexer 106 are the same as those indicat- 
ed in the first embodiment respectively. An optical trans- 
mission apparatus according to the embodiment of the 
present invention has an advantage that a large amount 

so of information can be transmitted at low cost in a simple 
configuration through the use of one transmission fiber 
107 and further the optical multiplexer 105 and the op- 
tical demultiplexer 106. 

[0090] In this respect, in the optical transmission ap- 
55 paratus according to the present invention, embodi- 
ments on a wavelength multiple system have been in- 
dicated, but an optical transmission apparatus using op 
tical communication components according to the 
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present invention is not limited thereto, but an optical 
transmission apparatus in which optical communication 
components complying with the system have been in- 
corporated can be configured. 

[0091] In this respect, in each of the above-described 
embodiments, the description has been made of the 
groove portion, on which the lens 2, the ferrules 2, 9 and 
12, and the like are placed, as the V-groove, but a 
groove portion according to the present invention can 
be configured such that with the first optical component 
placed, the optical component and the inner wall of the 
groove portion contact each other at least in two points 
at the cross-section. For example, the cross-section 
may be a pentagon as shown in Figure 15(a), the base 
may be curved, substantially U-character-shaped as 
shown in Figure 1 5 (b), or the base may be a trapezoid, 
the base of which is a plane, as shown in Figure 15(c). 
Also, as shown in Figure 1 5(d), the base may have such 
a shape as to have a convex portion. In this case, the 
optical component and the groove portion contact each 
other in three points. According to the present invention, 
the optical component and the inner wall of the groove 
portion may be configured such that they contact each 
other in further portions, but it is preferable to contact in 
two points in terms of easiness in manufacture and pro- 
viding stability easily during placement. 
[0092] In each embodiment, a placement member ac- 
cording to the present invention corresponds to the V- 
grooved substrate 4, 34, 35 and the like, and an optical 
device according to the present invention corresponds 
to a device to be configured by each portion with the 
exception of the optical functional device 6 in each em- 
bodiment. 

[0093] As described above in detail, an optical com- 
munication component according to the embodiments 
of the present invention consists of an optical functional 
device, bi-convex or single convex lens and a substrate 
having a groove, and the optical functional device and 
the lens are placed such that their optical axes are in 
parallel to the groove of the substrate. Accordingly, it is 
possible to provide an optical communication compo- 
nent easier in assembly, lower in manufacturing cost in 
a simpler configuration than the conventional examples. 
[0094] An optical communication component accord- 
ing to another embodiment of the present invention has 
an input fiber and an output fiber, and the fiber or ferrule 
for holding the fiber is caused to be equal to the outer 
diameter of the lens, whereby it is possible to easily per- 
form optical adjustment and to reduce the manufactur- 
ing cost. 

[0095] In the optical communication component ac- 
cording to another embodiment of the present invention, 
the lens is caused to contact the end of the fiber, where- 
by it is possible to easily perform optical adjustment and 
to reduce the manufacturing cost. 
[0096] In the optical communication component ac- 
cording to another embodiment of the present invention, 
a bi-convex lens or a single convex cylindrical lens is 



used for the lens, whereby it is possible to easily perform 
optical adjustment and to reduce the manufacturing 
cost. 

[0097] In the optical communication component ac- 
5 cording to another embodiment of the present invention, 
the lens is a graded-index lens, whereby it is possible 
to easily perform optical adjustment and to reduce the 
manufacturing cost. 

[0098] In the optical communication component ac- 
10 cording to another embodiment of the present invention, 
a lens having a refractive index of 2 or closest thereto 
is used for the lens, whereby it is possible to easily per- 
form optical adjustment and to reduce the manufactur- 
ing cost. 

15 [0099] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has 
wavelength separating and combining functions, where- 
20 by it is possible to provide a low-priced optical multiplex- 
er or optical demultiplexer in a simple configuration. 
[0100] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
25 component according to the present invention has po- 
larization separating and synthesizing functions, where- 
by it is possible to provide a low-priced optical polariza- 
tion synthesizing/splitter in a simple configuration. 
[0101] In the optical communication component ac- 
30 cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has an 
optical attenuation function, whereby it is possible to 
provide a low-priced optical attenuator in a simple con- 
35 figuration. 

[0102] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has an 
40 optical isolator, whereby it is possible to provide a low- 
priced optical isolator in a simple configuration. 
[0103] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
45 component according to the present invention has an 
optical circulator, whereby it is possible to provide a low- 
priced optical circulator in a simple configuration. 
[0104] In the optical communication component ac- 
cording to another embodiment of the present invention, 
so an optical functional device in the optical communication 
component according to the present invention has an 
optical terminating function, whereby it is possible to 
provide a low-priced optical terminating apparatus in a 
simple configuration. 
55 [0105] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has an 
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optical modulating function, whereby it is possible to 
provide a low-priced optical modulater in a simple con- 
figuration. 

[01 06] An optical functional device in the component 
has optical branching and synthesizing functions, 
whereby it is possible to provide a low-priced optical 
branch or synthesizing device in a simple configuration. 
[0107] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has an 
optical switching function, whereby it is possible to pro- 
vide a low-priced optical switch in a simple configura- 
tion. 

[0108] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has an 
optical amplifying function, whereby it is possible to pro- 
vide a low-priced optical amplifier in a simple configura- 
tion. 

[0109] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has a 
wavelength converting function, whereby it is possible 
to provide a low-priced wavelength converter in a simple 
configuration. 

[0110] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has a 
light emitting function, whereby it is possible to provide 
a low-priced optical transmitter in a simple configuration. 
[0111] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has a 
light receiving function, whereby it is possible to provide 
a low-priced optical receiver in a simple configuration. 
[0112] In the optical communication component ac- 
cording to another embodiment of the present invention, 
an optical functional device in the optical communication 
component according to the present invention has a po- 
larization converting function, whereby it is possible to 
provide a low-priced polarization converter in a simple 
configuration. 

[0113] In the optical transmission apparatus accord- 
ing to another embodiment of the present invention, any 
of the optical communication components according to 
the present invention is provided, whereby it is possible 
to provide a low-priced optical transmission apparatus 
capable of greatly increasing the transmission capacity 
in a simple configuration. 

[0114] As will be apparent from the foregoing descrip- 
tion, according to the present invention, it is possible to 
provide an optir^l communication component easier in 
assembly, lower in manufacturing cost in a simpler con- 



figuration than the conventional examples. 



Claims 

5 

1. An optical device, comprising: 

at least two first optical components; 
a second optical component placed between 
10 said first optical components, or at an intersec- 

tion point of optical axes to be formed by said 
first optical components; and 
a placement member for placing said first opti- 
cal component and said second optical compo- 

15 nent. 

wherein said placement member has at least a 
groove portion for placing said first optical com- 
ponent, and 

each portion of said first optical component and 
20 each portion of said groove portion have such 

a shape and size that optical axes to be formed 
by said first optical components are positioned 
within the same plane respectively in a state in 
which said first optical components are all 
25 placed on said groove portion. 

2 The optical device according to claim 1 , wherein op- 
tical axes of said first optical components are 
formed to become parallel said groove portion on 

30 which said first optical component is placed. 

3 The optical device according to claim 1, wherein 
said first optical components and an inner wall of 
said groove portion are at least in point-contact at 

35 least at two points at cross-sectional view direction 
of said groove portion. 

4. The optical device according to claim 1 , 

wherein a convex portion or a concave portion 
having a predetermined shape is formed at a 
position on said placement member whereat 
said second optical component is placed, and 
on a base of said second optical component, 
there is formed a concave portion or a convex 
portion having a shape, which corresponds to 
said convex portion or concave portion having 
said predetermined shape of said placement 
member. 

5 The optical device according to claim 4, wherein 
said predetermined shape is any of shapes of a pol- 
ygon pyramid, a cone, a polygon pillar, and a col- 
umn or substantially hemispherical shape. 

6. The optical device according to claim 4, wherein 
said convex portion or concave portion having said 
predetermined shape is formed when each of said 
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grooved portions is extended, and is intersected 
each other at a position whereat said second optical 
component is placed. 

7. The optical device according to any one of claims 1 
to 4, further comprising a clamping member for fix- 
ing said first optical components and said second 
optical component in cooperation with said place- 
ment member, 

wherein said first optical components and said 
second optica! component are fixed in such a 
manner as to be sandwiched between said 
clamping member and said placement mem- 
ber, and 

said first optical component is fixed in a state 
where it can be freely inserted and removed. 

8. The optical device according to any one of claims 1 
to 4, further comprising a clamping member for fix- 
ing said first optical components and said second 
optical component in cooperation with said place- 
ment member, 



said lens is a bi-convex or single convex cylindrical 
lens. 

14. The optical device according to claim 12, wherein 
5 said lens is a graded-index lens. 

15. The optical device according to claim 12, wherein 
said lens is a spherical lens having a refractive in- 
dex of 2 or closest thereto. 

10 

1 6. An optical communication component using the op- 
tical device according to any one of claims 1 to 15, 
wherein said second optical component includes at 
least an optical functional device. 

15 

1 7. The optical communication component according to 
claim 16, wherein said optical functional device has 
wavelength separating and/or combining functions. 

20 18. The optical communication component according to 
claim 1 6, wherein said optical functional device has 
polarization separating and/or synthesizing func- 
tions. 



wherein said first optical components and said 
second optical component are fixed in such a 
manner as to be sandwiched between said 
clamping member and said placement mem- 
ber, 

an upper portion of said first optical compo- 
nents are exposed on a principal surface of said 
placement member other than said groove por- 
tion in a state where said first optical compo- 
nents are placed on said groove portion, and 
said clampingmember is fixed by contact with 
said exposed upper portion of said first optical 
components. 

9. The optical device according to any one of claims 1 
to 4, wherein said first optical components or said 
second optical component include at least a lens 
and/or an optical fiber. 

10. The optical device according to any one of claims 1 
to 4, wherein said first optical components or said 
second optical component include at least a ferrule 
provided at an end portion of said optical fiber. 

11. The optical device according to claim 9, wherein 
within said groove portion, an end surface of said 
lens and an end surface of said optical fiber are in 
point-contact or plane-contact. 

12. The optical device according to claim 9, wherein a 
focus of said lens is positioned on an end surface 
of said optical fiber. 

13. The optical device according to claim 12, wherein 



25 1 9. The optical communication component accord ing to 
claim 1 6, wherein said optical functional device has 
an optical attenuation function. 

20. The optical communication component according to 
30 claim 1 6, wherein said optical functional device has 

an optical isolator. 

21 . The optical communication component according to 
claim 1 6, wherein said optical functional device has 

35 an optical circulator. 

22. The optical communication component according to 
claim 1 6, wherein said optical functional device has 
an optical terminating function. 

40 

23. The optical communication component according to 
. claim 16, wherein said optical functional device has 

an optical modulating function. 

45 24. The optical communication component according to 
claim 1 6, wherein said optical functional device has 
optical branching and/or synthesizing functions. 

25. The optical communication component according to 
so claim 1 6, wherein said optical functional device has 

an optical switching function. 

26. The optical communication component according to 
claim 14, wherein said optical functional device has 

55 a light amplifying function. 

27. The optical communication component according to 
claim 1 6. wherein said optical functional device has 



11 



21 



EP 1 143 273 A2 



a wavelength converting function. 

28 The optical communication component according to 
claim 1 6. wherein said optical functional device has 
a light emitting function. 

29. The optical communication component according to 
claim 1 6. wherein said optical functional device has 
a light receiving function. 

30. The optical communication component according to 
claim 1 6, wherein said optical functional device has 
a polarization converting function. 

31. An optical transmission apparatus, comprising: 

The optical communication component accord- 
ing to any of claims 16 to 30; 
optical transmission means; and 
optical receiving means, 
wherein said optical transmission means and 
said optical receiving means are connected to 
each other through said optical communication 
component. 

32. A manufacturing method of an optical device having 
at least two first optical components; and a second 
optical component placed between said first optical 
components, or at an intersection point of optical 
axes to be formed by said first optical components, 
comprising the steps of: 
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forming a groove portion on a placement mem- 
ber body; 

forming a placement portion on said placement 
member body; 

placing and fixing said first optical components 
on said groove portion; 

placing said second optical component on said 
placement portion; 
adjusting said second optical component to set 
an optical path for said second optical compo- 
nent and said first optical components; and 
fixing said second optical component adjusted. 

45 
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Fig. 6 (a) 
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Fig. 6 (b) 
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Fig. 7 
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Fig. 12(a) Fig. 12(b) 
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Fig. 14 (a) 
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Fig. 15(a) Fig. 15(b) 
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Fig. 15(c) Fig. 15(d) 



2 2 




27 



a PAGE BLANK (uspto> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
P'blurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



